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(57)Abstract: 

PROBLEM TO BE SOLVED: To make the diapedesis inhibition of a hydrophilic polymer with 
a hemoeathersis membrane consistent by carrying the polymer on a hydrophobic polymer 
membrane and the ensure good compatibility with blood by specifying the amt. of the 
hydrophilic polymer carried on 1 m2 of the membrane. 

SOLUTION: A hydrophobic polymer membrane consisting essentially of a polyarylate resin and 
a polysulfone resin is formed as a hollow fiber membrane by spinning and polyvinylpyrrolidone 
as a hydrophilic polymer is stuck and carried on the hydrophobic polymer membrane by 3-50 
mg/m2 to obtain the objective blood purification membrane. Good compatibility with blood is 
ensured and the leaching of the hydrophilic polymer is blocked. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Blood purification film which is blood purification film which made the hydrophilic 
macromolecule hold to a hydrophobic poly membrane, and is characterized by making the 
amount of maintenance of the hydrophilic macromolecule per 1 square meter of hydrophobic 
poly membranes into 3mg or more 50mg or less. 

[Claim 2] Blood purification film according to claim 1 characterized by said hydrophilic giant 
molecule being a polyvinyl pyrrolidone. 

[Claim 3] Blood purification film according to claim 1 or 2 characterized by carrying out 
adhesion maintenance of the hydrophilic macromolecule physically to a hydrophobic poly 
membrane by contacting the solution of a hydrophilic macromolecule to a hydrophobic poly 
membrane. 

[Claim 4] Said hydrophobic poly membrane is blood purification film given in either of claims 
1-3 characterized by using polyarylate resin and polysulfone resin as main film raw material. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the blood purification film used for a blood 

purification therapy. 

[0002] 

[Description of the Prior Art] A blood purification therapy is the therapy approach of removing 
the undesired substances in blood (uremia matter etc.). In this blood purification therapy, 
semipermeable membrane and ultrafiltration membrane are used as blood purification film. For 
example, the blood purifier which loaded with and constituted in casing the hollow filament 
bundle which bundled 5000 - about 10000 hollow fibers (what carried out spinning of the blood 
purification film to the shape of a hollow filament) is used. 

[0003] There is a hemodialysis therapy, a hemofiltration therapy, or hemofiltration dialysis in 
this blood purification therapy. In a hemodialysis therapy, while pouring blood to the internal- 
surface side of the hollow fiber in blood purifier, dialysing fluid contacts blood and dialysing 
fluid to an outside- surface side through a sink and a hollow fiber, and diffusion removes the 
uremia matter and moisture with the superfluous inside of the body. In a hemofiltration therapy, 
the uremia matter is removed a ** exception by pouring blood to the internal-surface side of the 
hollow fiber in blood purifier. Moreover, in hemofiltration dialysis, the property of both a 



hemofiltration therapy and a hemodialysis therapy, i.e., filtration and diffusion, removes 
moisture with superfluous uremia matter and inside of the body. 

[0004] As blood purification film used by this blood purification therapy, the hydrophilic 
macromolecule represented by the cellulose and the hydrophobic macromolecule represented by 
polysulfone and polyester are used suitably. It excels in a mechanical strength and is because 
there is little effect on a living body. However, generally, in order to use a hydrophobic 
ingredient (macromolecule) as blood purification film, the hydrophilic property is given to this 
hydrophobic ingredient in many cases. This is because adhesion of constituents of blood, such as 
protein and a platelet, tends to take place to the front face of the film manufactured only from the 
hydrophobic ingredient and lowering of membrane permeability ability in use etc. becomes a 
problem. That is, by the film manufactured only from the hydrophobic ingredient, it is because 
good haemocompatibility is difficult to get. 

[0005] And generally the approach of adding a hydrophilic macromolecule and producing a film 
in a film production undiluted solution, from a hydrophobic ingredient as an approach of 
manufacturing the film with which the hydrophilic property was given, is made. What was using 
the hydrophilic macromolecule as a puncturing agent can add a hydrophilic property to a 
hydrophobic ingredient as a result, and this approach can be produced, in order to form 
membrane structure with a disengageable constituent of blood from a hydrophobic ingredient 
originally. In this approach, the polyvinyl pyrrolidone is suitably used as a hydrophilic giant 
molecule added in a film production undiluted solution, for example. That is, a hydrophilic 
property can be given to a hydrophobic ingredient while a constituent of blood forms 
disengageable membrane structure proper by adding and carrying out spinning of this polyvinyl 
pyrrolidone to a film production undiluted solution. 

[0006] By this approach, in order to form the membrane structure which can separate a 
constituent of blood proper, it is necessary to add comparatively a lot of hydrophilic 
macromolecules. For this reason, on the produced blood purification film, comparatively a lot of 
hydrophilic macromolecules remain, and processing which prevents a break through of this 
hydrophilic macromolecule that remained is performed. For example, the hydrophilic 
macromolecule was made to construct a bridge with heat, a radiation, a chemical, etc., and the 
break through is prevented. 
[0007] 

[Problem(s) to be Solved by the Invention] However, even if it performed processing which 
prevents a break through of a hydrophilic macromolecule since the superfluous hydrophilic 
macromolecule remained as described above, it was difficult to prevent a break through of a 
hydrophilic macromolecule certainly. Therefore, there was a possibility that the leaked 
hydrophilic macromolecule might mix in the inside of the body. And since the hydrophilic 
macromolecule mixed in the inside of the body may have a certain effect to a living body, it is 
desirable to remove mixing to the inside of the body of a hydrophilic macromolecule as much as 
possible. 

[0008] this invention is made in view of such a situation, and good haemocompatibility obtains it 
— having — in addition — and it aims at offering the blood purification film which can also 
prevent a break through of a hydrophilic macromolecule. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the thing 
according to claim 1 in this invention is the blood purification film which made the hydrophilic 
macromolecule hold to a hydrophobic poly membrane, and is characterized by making the 



amount of maintenance of the hydrophilic macromolecule per 1 square meter of hydrophobic 
poly membranes into 3mg or more 50mg or less. 

[0010] Moreover, a thing according to claim 2 is blood purification film which is characterized 
by said hydrophilic giant molecule being a polyvinyl pyrrolidone in addition to a configuration 
according to claim 1 . 

[0011] Moreover, a thing according to claim 3 is blood purification film characterized by 
carrying out adhesion maintenance of the hydrophilic macromolecule physically to a 
hydrophobic poly membrane by contacting the solution of a hydrophilic macromolecule to a 
hydrophobic poly membrane in addition to a configuration according to claim 1 or 2. 
[0012] Moreover, a thing according to claim 4 is blood purification film characterized by said 
hydrophobic poly membrane using polyarylate resin and polysulfone resin as main film raw 
material in addition to a configuration given in either of claims 1-3. 
[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
with reference to a drawing. First, the blood purifier using the blood purification film of this 
invention is explained. Here, urjw sni/ I is drawing shown by making blood purifier 1 into a cross 
section, and drawing 2 is drawing having shown the cutting plane of the hollow filament bundle 
in the edge of casing 2. 

[0014] As shown in drawing i . blood purifier 1 consists of an impregnation side blood port 3 
screwed free [ attachment and detachment ] to casing 2 and this casing 2, and a blowdown side 
blood port 4. Casing 2 is the cylindrical member formed of the polycarbonate. And it is the side 
face of this casing 2, the input 5 of dialysing fluid is formed in the edge by the side of the 
blowdown side blood port 4, and the exhaust port 6 of dialysing fluid is formed in the edge by 
the side of the impregnation side blood port 3. 

[0015] The impregnation side blood port 3 and the blowdown side blood port 4 are screwed so 
that opening may be plugged up at the both ends of casing 2, and they are formed by the 
polycarbonate as well as casing 2. And the inlet 7 for pouring in blood has protruded in the 
impregnation side blood port 3, and the exhaust port 8 for discharging blood is protruded on the 
blowdown side blood port 4. Moreover, O rings 9 and 9 for maintaining watertightness, 
respectively are arranged in the contact section of the impregnation side blood port 3 and casing 
2, and the contact section of the blowdown side blood port 4 and casing 2. 
[0016] The building envelope of casing 2 is loaded with the hollow filament bundle 10. That is, 
as shown in drawing 2 (a), it has loaded with what bundled 5000 - about 10000 hollow fiber 11 — 
(equivalent to the blood purification film in this operation gestalt). In addition, in drawing 2 (a), 
in order to make a configuration intelligible, each hollow fiber 1 1 — is drawn more thickly than a 
actual thing. 

[0017] Opening of the ends in casing 2 is filled up with the sealing materials 12 and 12, such as 
urethane system resin. And the edge of the hollow filament bundle 10 is each hollow fiber 11, as 
it is shown in drawing 2 (b), while it is crowded with much hollow fiber 11- which carried out 
opening. — Where watertightness is secured, the sealing material 12 has taken up the clearance 
between comrades. These sealing materials 12 and 12 have not plugged up the input 5 and the 
exhaust port 6 of dialysing fluid. For this reason, input 5 and an exhaust port 6 are open for free 
passage with the space by the side of the outside surface of the hollow fiber 1 1 in casing 2, 
respectively. Therefore, in the casing 2 which loaded with the hollow filament bundle 10, it will 
be in the condition that the outside- surface side of the hollow fiber 11 which is the passage of 
dialysing fluid was separated by the hollow fiber 11 the internal-surface 11a side of the hollow 



fiber 1 1 which is the passage of blood. 

[0018] Next, a hollow fiber 11 is explained, the hydrophobic poly membrane to which the 
hollow fiber 1 1 in this operation gestalt, i.e., the blood purification film, used polyarylate resin 
and polysulfone resin as main film raw material — the shape of a hollow filament — spinning — 
carrying out — in addition — and the hydrophobic poly membrane is made to carry out adhesion 
maintenance of the polyvinyl pyrrolidone which is a kind of a hydrophilic giant molecule 
[0019] And this polyvinyl pyrrolidone has adjusted the amount of maintenance per unit area of a 
hydrophobic poly membrane to the specified quantity. Specifically, the amount of maintenance 
of the polyvinyl pyrrolidone per 1 square meter of hydrophobic poly membranes is made into 
within the limits of 3mg or more 50mg or less. 

[0020] When the amount of maintenance of a polyvinyl pyrrolidone is made into 70mg or more, 
the reason When a break through of the polyvinyl pyrrolidone from blood purifier 1 is checked 
and the amount of maintenance of a polyvinyl pyrrolidone is made into lmg or less The 
solidified constituent of blood adheres to internal-surface 11a of a hollow fiber 11, and it is 
checked that it becomes impossible to demonstrate the penetrability of a hollow fiber 11 
comparatively by this adhering constituent of blood for a short time. It is because it was checked 
that a break through of a polyvinyl pyrrolidone and adhesion of a constituent of blood are lost 
when the amount of maintenance of a polyvinyl pyrrolidone was made into within the limits of 
3mg or more 50mg or less. 

[0021] Moreover, the above-mentioned polyester system resin is [0022]. Formula [** 1] 




[0023] It is polyarylate resin which comes out and has the repeat unit expressed, and polysulfone 
system resin is [0024]. Formula [** 2] 




(2) 
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[0025] The repeat unit come out of and expressed, and [0026] Formula [** 3] 




<3> 



[0027] It comes out and is polysulfone resin of the repeat unit expressed which has at least any 



they are. 

[0028] Next, the creation procedure of the blood purification film is explained. In addition, with 
this operation gestalt, since the blood purification film is created in the process in which blood 
purifier 1 is manufactured, the production process of blood purifier 1 will be explained. Here, 
drawing 3 is a flow chart which shows the outline of the production process of blood purifier 1. 
[0029] First, spinning of the hydrophobic macromolecule is carried out to the shape of a hollow 
fiber (a spinning process, step SI). At this spinning process, a film production undiluted solution 
is prepared first. While defining the mixed weight ratio (A/B) of polyester system resin (A) and 
polysulfone system resin (B) in 0.1-10, specifically, it dissolves in an organic solvent so that the 
total quantity (A+B) of both resin may serve as 10 % of the weight - 25% of the weight of a rate. 
In addition, although there will be especially no limit if an organic solvent is a good solvent to 
polyester system resin and polysulfone system resin, N-methyl pyrrolidone can use it most 
suitably. 

[0030] Spinning of this film production undiluted solution is carried out to the shape of discharge 
and a hollow filament into coagulation liquid with core liquid using a double pipe spinneret. In 
addition, by the following explanation, a polyvinyl pyrrolidone (a kind of a hydrophilic 
macromolecule) makes for convenience the hollow fiber in the condition that adhesion 
maintenance is not carried out hydrophobic hollow fiber 11'. Here, although core liquid and 
coagulation liquid are for fabricating a film production undiluted solution in the shape of a 
hollow filament, the mixed solvent of a water independent twist which mixed in water the 
organic solvent used for the resin dissolution is also more desirable. This is for being easy to 
form fibril structure with more uniform using a mixed solvent. In addition, although there will be 
especially no limit if it is a good solvent to resin as an organic solvent to mix, N-methyl 
pyrrolidone can use it most suitably. 

[0031] Thus, a porous layer is formed so that hydrophobic hollow fiber 1 1 ' which carried out 
spinning may cover the outside of this compact layer while a compact layer is formed in that 
internal- surface 11a. A compact layer is the part which specifies a transmission rate in the 
permselectivity list of the matter in this film, and the hole radius 30-100 A hole is formed in the 
hole and concrete target which have a less than 500A average aperture. Moreover, the porous 
layer is functioning as supporters who support a compact layer and maintain membranous 
reinforcement, and the hole quite coarser than a compact layer is formed. In addition, the 
thickness of this hydrophobic hollow fiber 11 ' is about 5-70 micrometers. And by this film, the 
with a molecular weight of 100000 or more matter cannot penetrate the whole quantity (100%) 
mostly. 

[0032] Next, it processes in the bundle of hydrophobic hollow fiber 1 1 ' which carried out 
spinning in this way (they are down stream processing and step S2 in a bundle). Bundle-ization 
which makes one bundle 5000 - about 10000 hydrophobic hollow fiber 11 'by down stream 
processing in this bundle is made. The bundle (hollow filament bundle 10) of this hydrophobic 
hollow fiber 11 ' is adjusted to the outer diameter according to the bore of the cylinder- like casing 
2. 

[0033] Next, it loads with the hollow filament bundle 10 into casing 2 (a loading process, step 
S3). At this loading process, it loads with the hollow filament bundle 10 into the casing 2 in the 
condition that the impregnation side blood port 3 and the blowdown side blood port 4 separated. 
At this time, the periphery of the hollow filament bundle 10 is beforehand covered with the 
sheet, it loads into casing 2 this whole sheet, and a sheet is sampled after loading. 
[0034] Next, potting is performed (a potting process, step S4). At this potting process, while 



closing opening of casing 2 with a sealing material 12 (sealing), the part overflowing into the 
exterior of the casing 2 in the hollow filament bundle 10 is cut so that it may become same flat- 
surface as opening of casing 2 2'. By this cutting, the cross section explained by drawing 2 (a) is 
obtained. 

[0035] Next, hydrophilization processing is performed (hydrophilization down stream 
processing, step S5). In this hydrophilization down stream processing, after equipping the both 
ends of casing 2 with the impregnation side blood port 3 and the blowdown side blood port 4 
(screwing), the water solution (a kind of the solution of a hydrophilic giant molecule) of a 
polyvinyl pyrrolidone prepared from the inlet 7 of the impregnation side blood port 3 to 
predetermined concentration is poured in by the predetermined flow rate, and the water solution 
of the polyvinyl pyrrolidone which passed blood purifier 1 is discharged from the exhaust port 8 
of the blowdown side blood port 4. And this processing is performed from dozens of seconds for 
dozens minutes, and adhesion maintenance of the polyvinyl pyrrolidone is carried out. 
[0036] That is, in this hydrophilization down stream processing, adhesion maintenance of the 
polyvinyl pyrrolidone is carried out by contacting the water solution of a polyvinyl pyrrolidone 
to blood purifier 1 . In addition, in producing the solution of the hydrophilic macromolecule used 
by this hydrophilization down stream processing, with this operation gestalt, purified water was 
used as a solvent, but liquids other than purified water may be used as a solvent. And by passing 
through this hydrophilization down stream processing, adhesion maintenance of the polyvinyl 
pyrrolidone is carried out, and the blood purification film (namely, hollow fiber 11) in this 
operation gestalt is obtained by hydrophobic hollow fiber 11'. 

[0037] In addition, the amount of the hydrophilic macromolecule which carries out adhesion 
maintenance is controllable by this hydrophilization down stream processing by changing the 
concentration of a hydrophilic polymer solution suitably. That is, by using a hydrophilic high- 
concentration polymer solution, many adhesion maintenance of the hydrophilic macromolecule 
can be carried out, and adhesion maintenance of a small quantity of the hydrophilic 
macromolecule can be carried out by using a low-concentration hydrophilic polymer solution. 
[0038] For example, if hydrophilization processing is performed using 1% of the weight of the 
water solution of a polyvinyl pyrrolidone, in the hydrophobic poly membrane manufactured from 
polyarylate resin and polysulfone resin, the blood purification film with which adhesion 
maintenance of the 70mg [ per 1 square meter of hydrophobic poly membranes ] polyvinyl 
pyrrolidone was carried out can be produced, and the blood purification film with which 
adhesion maintenance of the 3mg [ per 1 square meter of hydrophobic poly membranes ] 
polyvinyl pyrrolidone was carried out can be produced by performing hydrophilization 
processing using 0.03% of the weight of the water solution of a polyvinyl pyrrolidone. 
Moreover, the amount of the polyvinyl pyrrolidone by which adhesion maintenance was carried 
out is computable by measuring the amount (namely, polyvinyl-pyrrolidone concentration of a 
penetrant remover) of the polyvinyl pyrrolidone removed at the polyvinyl-pyrrolidone water- 
solution concentration before processing, the polyvinyl-pyrrolidone water- solution concentration 
after processing, and the washing process mentioned later. 

[0039] Moreover, in this hydrophilization down stream processing, the degree of the 
hydrophilization of the membranous thickness direction is changeable by changing the molecular 
weight of a hydrophilic macromolecule. That is, by using the hydrophilic macromolecule of low 
molecular weight, it can continue in the membranous whole thickness direction from the 
internal- surface 11a side of a hollow fiber 11, adhesion maintenance of the hydrophilic 
macromolecule can be carried out, and only internal-surface 11a of a hollow fiber 11 carries out 



adhesion maintenance of the hydrophilic macromolecule by using the hydrophilic 
macromolecule of high molecular weight. For example, when hydrophilization processing is 
performed using the water solution of Polyvinylpyrrolidone K30 (average molecular weight 
40000 [ about ]), it can continue in the whole thickness direction of a hollow fiber 11, adhesion 
maintenance of the polyvinyl pyrrolidone can be carried out, and only internal- surface 11a of a 
hollow fiber 1 1 carries out adhesion maintenance of the polyvinyl pyrrolidone at a 
hydrophilization place Michiyuki **** case using the water solution of Polyvinylpyrrolidone 
K90 (average molecular weight 1200000 [ about ]). 

[0040] Next, it rinses (a washing process, step S6). At this washing process, a hydrophilic 
surplus macromolecule is removed by the penetrant remover about the blood purifier 1 which 
carried out adhesion maintenance of the polyvinyl pyrrolidone (hydrophilic macromolecule). 
Specifically, a penetrant remover, for example, purified water, is passed in blood purifier 1. 
Washing clearance of the hydrophilic surplus macromolecule which is sticking to blood purifier 
1 according to this washing process by the adsorption power lower than predetermined 
adsorption power among the hydrophilic macromolecules which are carrying out adhesion 
maintenance is carried out. In addition, the hydrophilic macromolecule by which adhesion 
maintenance is carried out after this washing process at blood purifier 1 does not secede from the 
inside of blood purifier 1 with the flowing blood, either. Moreover, the penetrant remover used at 
this washing process should just be the liquid from which it is not limited to purified water and a 
hydrophilic surplus macromolecule can be removed. 

[0041] And sterilization processing is performed to the blood purifier 1 in the condition of 
having filled up with purified water the blood purifier 1 which washing ended (step S7), and 
having filled up with this purified water (step S8). Gamma ray sterility, wet sterilization, etc. are 
given in this sterilization down stream processing. 

[0042] By the way, although the production process explained above showed the example which 
also manufactured the blood purification film (hollow fiber 1 1) in the process in which blood 
purifier 1 is manufactured, the solution of a hydrophilic macromolecule is directly contacted to 
the hydrophobic poly membrane which carried out spinning, and you may make it make a 
hydrophobic poly membrane carry out adhesion maintenance of the hydrophilic macromolecule. 
[0043] Moreover, the amount of maintenance of a polyvinyl pyrrolidone can also be low 
adjusted by adding a puncturing agent removable from a hollow fiber 1 1 to a film production 
undiluted solution with a polyvinyl pyrrolidone (a kind of a hydrophilic giant molecule), and 
removing a puncturing agent after spinning. Although it continues throughout the membranous 
thickness direction and the hydrophilic property is given by the blood purification film 
manufactured by this approach, since the amount of maintenance of a polyvinyl pyrrolidone is 
adjusted low, it can prevent that a polyvinyl pyrrolidone leaks out. However, if it is made to 
contact the solution of a hydrophilic macromolecule to the hydrophobic poly membrane which 
produced the film beforehand like this operation gestalt, while processing is easy, it has the 
advantage that control of the coating weight of a hydrophilic macromolecule is easy. 
Furthermore, only the front face by the side of the blood contact in the blood purification film 
can also be made to carry out adhesion maintenance of the hydrophilic giant molecule selectively 
by using the hydrophilic giant molecule (for example, Polyvinylpyrrolidone K90) of the high 
molecular weight which cannot penetrate the blood purification film. 

[0044] Moreover, the sheet-like film is sufficient although the hollow fiber 1 1 was illustrated 
with the above-mentioned operation gestalt. 

[0045] Moreover, although the polyvinyl pyrrolidone which is a typical hydrophilic giant 



molecule among usable hydrophilic giant molecules was illustrated in the blood purification film 
with the above-mentioned operation gestalt, if it is the hydrophilic giant molecule which has the 
same property as this polyvinyl pyrrolidone, it will not be limited to this. However, when a 
polyvinyl pyrrolidone is used like this operation gestalt, the blood purification film which can 
demonstrate high haemocompatibility in **** small quantity can be produced. 
[0046] Moreover, although the hydrophobic poly membrane which used polyarylate resin and 
polysulfone resin as main film raw material was illustrated with this operation gestalt about the 
hydrophobic poly membrane, the film by other hydrophobic ingredients is sufficient. However, 
when the hydrophobic poly membrane which used polyarylate resin and polysulfone resin as 
main film raw material like this operation gestalt is used and the solution of a hydrophilic 
macromolecule is contacted, adhesion maintenance of the hydrophilic macromolecule is carried 
out more suitably (certainly) than the film by other hydrophobic ingredients. 
[0047] 

[Example] Next, the example of this invention is shown and this invention is explained still more 
concretely. In addition, the following explanation explains the case where Polyvinylpyrrolidone 
K90 (average molecular weight 1200000 [ about ]) used suitable for the blood purification film 
as a hydrophilic giant molecule is used. 

[0048] First, the film production undiluted solution was prepared from the polyarylate resin 
[Unitika Make and a trade name;U polymer] shown by said formula (1), the polyether sulphone 
resin [the Sumitomo Chemical Co., Ltd. make and trade name; SUMIKA Excel PES] shown by 
said formula (3), and N-methyl pyrrolidone. in addition, the weight of polyarylate resin and 
polyether sulphone resin ~ the mixing ratio was set to 1:1. Moreover, N-methyl pyrrolidone 
water solution was used as core liquid at the coagulation liquid list. And a film production 
undiluted solution and core liquid were breathed out into coagulation liquid using the double 
pipe spinneret, hydrophobic hollow fiber 11' was produced, about 10,000 of this hydrophobic 
hollow fiber 11' were bundled, and the hollow filament bundle 10 was acquired. Furthermore, 
after loading with this hollow filament bundle 10 into the casing 2 made from a cylinder- like 
polycarbonate, polyurethane resin was used as a sealing material 12, the edge was pasted up, the 
blood ports 3 and 4 were connected to the both ends of casing 2, and the blood purifier 1 of 1.5 
square meters of film surface products was made as an experiment. 

[0049] (Example 1) 0.1% of the weight of the water solution of a polyvinyl pyrrolidone (the 
BASF make, a trade name; Kollidon K-90) was poured for about 1 minute by the flow rate of 
200 mL/min under ordinary temperature to blood purifier 1, hydrophilization processing was 
performed, and the blood purification film (hollow fiber 11) with which adhesion maintenance of 
the lOmg [ per 1 square meter of hydrophobic poly membranes ] polyvinyl pyrrolidone was 
carried out was produced. In addition, the amount of adhesion maintenance of a polyvinyl 
pyrrolidone was computed based on the concentration of the polyvinylpyrrolidone water 
solution before hydrophilization processing, and the concentration of the polyvinylpyrrolidone 
water solution at the time of hydrophilization processing termination and the polyvinyl- 
pyrrolidone concentration of a penetrant remover. Moreover, density measurement of a 
polyvinyl-pyrrolidone water solution was performed using the approach (KMuller, Pham.Acta, 
Helv.43 (1968) 107-122) of Muller. 

[0050] And the trial which investigates the leak (elution volume) of the polyvinyl pyrrolidone in 
this blood purification film was performed. After being filled up with purified water after 
washing blood purifier 1 by purified water 1L in blood purifier 1 and specifically warming it at 
70 degrees C for 3 hours, filled liquid (liquid by the side of the blood contact section) was 



sampled, and the concentration of a polyvinyl pyrrolidone was measured. In addition, that which 
does not adhere to the polyvinyl pyrrolidone was used for the blood ports 3 and 4 in this trial in 
order to measure the break through from the blood purification film. Moreover, the trial which 
investigates aging of the amount of ultrafiltrations in this blood purification film (UFR, mL/hr- 
mmHg) was performed. After washing blood purifier 1 by purified water 1L, while circulating 
bovine blood liquid (hematocrit 30% and total protein 6.5 g/dL) by the flow rate of 200 mL/min, 
the filtration flow rate was adjusted to 90 mL/min, and, specifically, aging of the amount of 
ultrafiltrations was measured. Furthermore, the adhesion condition of the platelet in the front 
face (namely, internal-surface 1 la of a hollow fiber 1 1) of the blood purification film was 
observed. While cutting down the blood purification film after specifically performing the trial 
which investigates aging of the amount of ultrafiltrations from blood purifier 1, it was cleared to 
the plane, and the front face by the side of that blood contact surface was observed with the 
electron microscope (SEM) by making what dried this cleared blood purification film into a 
measurement sample. The test result and the observation result were shown in the table 1 list at 
drawing 4 (aging of the amount of ultrafiltrations). 

[0051] (Example 2) hydrophilization processing (conditions other than concentration — an 
example 1 — the same — the following — the same) was performed using 0.5% of the weight of 
the water solution of a polyvinyl pyrrolidone, and the blood purification film with which 
adhesion maintenance of the 50mg [ per 1 square meter of hydrophobic poly membranes ] 
polyvinyl pyrrolidone was carried out was produced. 

[0052] And the trial which investigates aging of the amount of ultrafiltrations was performed in 
the trial list which investigates the leak of a polyvinyl pyrrolidone also to this blood purification 
film (the content of a trial is the same as an example 1). The test result in each trial was shown in 
the table 1 list at drawing 4 . 

[0053] (Example 3) Hydrophilization processing was performed using 0.03% of the weight of 
the water solution of a polyvinyl pyrrolidone, and the blood purification film with which 
adhesion maintenance of the 3mg [ per 1 square meter of hydrophobic poly membranes ] 
polyvinyl pyrrolidone was carried out was produced. 

[0054] And the trial which investigates aging of the amount of ultrafiltrations was performed in 
the trial list which investigates the leak of a polyvinyl pyrrolidone also to this blood purification 
film (the content of a trial is the same as an example 1). The test result in each trial was shown in 
the table 1 list at drawing 4 . 

[0055] (Example 1 of a comparison) Hydrophilization processing was performed using 1% of the 
weight of the water solution of a polyvinyl pyrrolidone, and the blood purification film with 
which adhesion maintenance of the 70mg [ per 1 square meter of hydrophobic poly membranes ] 
polyvinyl pyrrolidone was carried out was produced. 

[0056] And the trial which investigates aging of the amount of ultrafiltrations was performed in 
the trial list which investigates the leak of a polyvinyl pyrrolidone also to this blood purification 
film (the content of a trial is the same as an example 1). The test result in each trial was shown in 
the table 1 list at drawing 4 . 

[0057] (Example 2 of a comparison) Hydrophilization processing was performed using 0.01% of 
the weight of the water solution of a polyvinyl pyrrolidone, and the blood purification film with 
which adhesion maintenance of the lmg [ per 1 square meter of hydrophobic poly membranes ] 
polyvinyl pyrrolidone was carried out was produced. 

[0058] And the adhesion condition of a platelet was observed also to this blood purification film 
in the trial which investigates the leak of a polyvinyl pyrrolidone, and the trial list which 



investigates aging of the amount of ultrafiltrations (the content of a trial is the same as an 
example 1). The test result in each trial was shown in the table 1 list at drawing 4 . 
[0059] 
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[0060] First, a break through of the hydrophilic macromolecule in the blood purification film is 
considered. As shown in a table 1, by the blood purification film (example 1 of a comparison) 
which made the amount of adhesion maintenance of a polyvinyl pyrrolidone 70mg per 1 square 
meter of hydrophobic poly membranes (coating weight it is the same as that of the following 
which it says is 70mg), the break through of a 5mg [ per 1. ] polyvinyl pyrrolidone was accepted. 
On the other hand, the break through of a polyvinyl pyrrolidone was not accepted by the blood 
purification film (example 2) with a coating weight of 50mg (that is, it was below limit of 
detection). Similarly, the break through of a polyvinyl pyrrolidone was not accepted by the blood 
purification film (examples 1 and 3) with a coating weight of 10 or 3mg, either. 
[0061] Next, the stability and haemocompatibility of the amount of transparency of the blood 
purification film are examined. As shown in drawing .4 , by the blood purification film (example 
2 of a comparison) which made coating weight lmg, the amount of ultrafiltrations which were 
about 90 mL/hr-mmHg became low rapidly in connection with the passage of time immediately 
after test initiation, and they were about 60 mL/hr-mmHg after 50-hour progress. Furthermore, 
after 100-hour progress, it becomes about 22 mL/hr-mmHg, and the amount of ultrafiltrations 
becomes low gradually after it. And after 240-hour progress, it became about 17 mL/hr-mmHg. 
Moreover, also in the observation result of the adhesion condition of a platelet, adhesion of a lot 
of platelets is accepted in the front face by the side of the blood contact in the blood purification 
film (table 1 reference). Therefore, by the blood purification film which has too little coating 
weight of a hydrophilic macromolecule, immediately after leading blood, a constituent of blood 
coagulates from from, it adheres to the front face by the side of blood contact, and degradation of 
the film arises. And this degradation advances quickly and it turns out that an activity will be in a 
difficult condition comparatively for a short period of time. 

[0062] On the other hand by the blood purification film (example 3) which made coating weight 
3mg, the amount of ultrafiltrations which were about 105 mL/hr-mmHg became low gradually in 
connection with the passage of time immediately after test initiation, and they were about 93 
mL/hr-mmHg after 50-hour progress. After it, although the amount of ultrafiltrations became low 
gently, the amount of ultrafiltrations of about 85 mL/hr-mmHg was maintained also after 240- 
hour progress. In addition, by the blood purification film (examples 1 and 2) with a coating 
weight of 10 or 50mg, the amount of ultrafiltrations before and behind about 100 mL/hr-mmHg 
was maintained for the period from immediately after test initiation to termination. And by the 
blood purification film (example 1) with a coating weight of lOmg, only adhesion of few 
platelets was accepted in the front face by the side of the blood contact in the blood purification 
film. That is, good haemocompatibility was demonstrated. 



[0063] As mentioned above, the amount of transparency by which adhesion of a constituent of 
blood was stabilized very few is obtained, and by making coating weight into 3mg or more 
shows that it continues and good haemocompatibility can be demonstrated at a long period of 
time. Furthermore, by making coating weight into lOmg or more shows that haemocompatibility 
can be raised further (it is made good). 

[0064] And putting a break through of the above-mentioned hydrophilic macromolecule and 
haemocompatibility together, the coating weight of lOmg shows that break-through inhibition 
and haemocompatibility of a hydrophilic macromolecule may be reconciled on still higher level, 
if it is the 50mg blood purification film. 

[0065] In addition, if it carries out from a viewpoint of a break through of a hydrophilic 
macromolecule, since there is so little possibility of a break through that there is little amount of 
the hydrophilic macromolecule used, it is desirable, therefore, compatible [ on high level ] in 
break-through inhibition and haemocompatibility of a hydrophilic giant molecule, if it is the 
blood purification film with a coating weight of lOmg — it can make — in addition — and it turns 
out that break-through inhibition can much more be ensured. 
[0066] 

[Effect of the Invention] According to this invention, the following effectiveness is done so as 
explained above. That is, since according to invention according to claim 1 it is the blood 
purification film which made the hydrophilic macromolecule hold to a hydrophobic poly 
membrane and the amount of maintenance of the hydrophilic macromolecule per 1 square meter 
of hydrophobic poly membranes was made into 3mg or more 50mg or less, break-through 
inhibition of a hydrophilic macromolecule and good haemocompatibility can be reconciled. 
[0067] According to invention according to claim 2, since said hydrophilic giant molecule is a 
polyvinyl pyrrolidone, the blood purification film which can demonstrate good 
haemocompatibility in **** small quantity is obtained. 

[0068] Since adhesion maintenance of the hydrophilic macromolecule is physically carried out to 
a hydrophobic poly membrane by contacting the solution of a hydrophilic macromolecule to a 
hydrophobic poly membrane according to invention according to claim 3, while the processing 
for carrying out adhesion maintenance is easy, the coating weight of a hydrophilic 
macromolecule is easily controllable. 

[0069] According to invention according to claim 4, since polyarylate resin and polysulfone resin 
are used as main film raw material, said hydrophobic poly membrane can only contact the 
solution of a hydrophilic macromolecule, and can carry out adhesion maintenance of the 
hydrophilic macromolecule certainly. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the blood purification film used for a blood 
purification therapy. 



PRIOR ART 



[Description of the Prior Art] A blood purification therapy is the therapy approach of removing 
the undesired substances in blood (uremia matter etc.). In this blood purification therapy, 



semipermeable membrane and ultrafiltration membrane are used as blood purification film. For 
example, the blood purifier which loaded with and constituted in casing the hollow filament 
bundle which bundled 5000 - about 10000 hollow fibers (what carried out spinning of the blood 
purification film to the shape of a hollow filament) is used. 

[0003] There is a hemodialysis therapy, a hemofiltration therapy, or hemofiltration dialysis in 
this blood purification therapy. In a hemodialysis therapy, while pouring blood to the internal- 
surface side of the hollow fiber in blood purifier, dialysing fluid contacts blood and dialysing 
fluid to an outside- surface side through a sink and a hollow fiber, and diffusion removes the 
uremia matter and moisture with the superfluous inside of the body. In a hemofiltration therapy, 
the uremia matter is removed a ** exception by pouring blood to the internal-surface side of the 
hollow fiber in blood purifier. Moreover, in hemofiltration dialysis, the property of both a 
hemofiltration therapy and a hemodialysis therapy, i.e., filtration and diffusion, removes 
moisture with superfluous uremia matter and inside of the body. 

[0004] As blood purification film used by this blood purification therapy, the hydrophilic 
macromolecule represented by the cellulose and the hydrophobic macromolecule represented by 
polysulfone and polyester are used suitably. It excels in a mechanical strength and is because 
there is little effect on a living body. However, generally, in order to use a hydrophobic 
ingredient (macromolecule) as blood purification film, the hydrophilic property is given to this 
hydrophobic ingredient in many cases. This is because adhesion of constituents of blood, such as 
protein and a platelet, tends to take place to the front face of the film manufactured only from the 
hydrophobic ingredient and lowering of membrane permeability ability in use etc. becomes a 
problem. That is, by the film manufactured only from the hydrophobic ingredient, it is because 
good haemocompatibility is difficult to get. 

[0005] And generally the approach of adding a hydrophilic macromolecule and producing a film 
in a film production undiluted solution, from a hydrophobic ingredient as an approach of 
manufacturing the film with which the hydrophilic property was given, is made. What was using 
the hydrophilic macromolecule as a puncturing agent can add a hydrophilic property to a 
hydrophobic ingredient as a result, and this approach can be produced, in order to form 
membrane structure with a disengageable constituent of blood from a hydrophobic ingredient 
originally. In this approach, the polyvinyl pyrrolidone is suitably used as a hydrophilic giant 
molecule added in a film production undiluted solution, for example. That is, a hydrophilic 
property can be given to a hydrophobic ingredient while a constituent of blood forms 
disengageable membrane structure proper by adding and carrying out spinning of this polyvinyl 
pyrrolidone to a film production undiluted solution. 

[0006] By this approach, in order to form the membrane structure which can separate a 
constituent of blood proper, it is necessary to add comparatively a lot of hydrophilic 
macromolecules. For this reason, on the produced blood purification film, comparatively a lot of 
hydrophilic macromolecules remain, and processing which prevents a break through of this 
hydrophilic macromolecule that remained is performed. For example, the hydrophilic 
macromolecule was made to construct a bridge with heat, a radiation, a chemical, etc., and the 
break through is prevented. 



EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, the following effectiveness is done so as 
explained above. That is, since according to invention according to claim 1 it is the blood 
purification film which made the hydrophilic macromolecule hold to a hydrophobic poly 
membrane and the amount of maintenance of the hydrophilic macromolecule per 1 square meter 
of hydrophobic poly membranes was made into 3mg or more 50mg or less, break-through 
inhibition of a hydrophilic macromolecule and good haemocompatibility can be reconciled. 
[0067] According to invention according to claim 2, since said hydrophilic giant molecule is a 
polyvinyl pyrrolidone, the blood purification film which can demonstrate good 
haemocompatibility in **** small quantity is obtained. 

[0068] Since adhesion maintenance of the hydrophilic macromolecule is physically carried out to 
a hydrophobic poly membrane by contacting the solution of a hydrophilic macromolecule to a 
hydrophobic poly membrane according to invention according to claim 3, while the processing 
for carrying out adhesion maintenance is easy, the coating weight of a hydrophilic 
macromolecule is easily controllable. 

[0069] According to invention according to claim 4, since polyarylate resin and polysulfone resin 
are used as main film raw material, said hydrophobic poly membrane can only contact the 
solution of a hydrophilic macromolecule, and can carry out adhesion maintenance of the 
hydrophilic macromolecule certainly. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, even if it performed processing which 
prevents a break through of a hydrophilic macromolecule since the superfluous hydrophilic 
macromolecule remained as described above, it was difficult to prevent a break through of a 
hydrophilic macromolecule certainly. Therefore, there was a possibility that the leaked 
hydrophilic macromolecule might mix in the inside of the body. And since the hydrophilic 
macromolecule mixed in the inside of the body may have a certain effect to a living body, it is 
desirable to remove mixing to the inside of the body of a hydrophilic macromolecule as much as 
possible. 

[0008] this invention is made in view of such a situation, and good haemocompatibility obtains it 
~ having ~ in addition -- and it aims at offering the blood purification film which can also 
prevent a break through of a hydrophilic macromolecule. 



MEANS 

[Means for Solving the Problem] In order to attain the above-mentioned object, the thing 
according to claim 1 in this invention is the blood purification film which made the hydrophilic 
macromolecule hold to a hydrophobic poly membrane, and is characterized by making the 
amount of maintenance of the hydrophilic macromolecule per 1 square meter of hydrophobic 
poly membranes into 3mg or more 50mg or less. 

[0010] Moreover, a thing according to claim 2 is blood purification film which is characterized 
by said hydrophilic giant molecule being a polyvinyl pyrrolidone in addition to a configuration 
according to claim 1 . 

[0011] Moreover, a thing according to claim 3 is blood purification film characterized by 



carrying out adhesion maintenance of the hydrophilic macromolecule physically to a 

hydrophobic poly membrane by contacting the solution of a hydrophilic macromolecule to a 

hydrophobic poly membrane in addition to a configuration according to claim 1 or 2. 

[0012] Moreover, a thing according to claim 4 is blood purification film characterized by said 

hydrophobic poly membrane using polyarylate resin and polysulfone resin as main film raw 

material in addition to a configuration given in either of claims 1-3. 

[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
with reference to a drawing. First, the blood purifier using the blood purification film of this 
invention is explained. Here, drawing 1 is drawing shown by making blood purifier 1 into a cross 
section, and drawing 2 is drawing having shown the cutting plane of the hollow filament bundle 
in the edge of casing 2. 

[0014] As shown in drawing 1 , blood purifier 1 consists of an impregnation side blood port 3 
screwed free [ attachment and detachment ] to casing 2 and this casing 2, and a blowdown side 
blood port 4. Casing 2 is the cylindrical member formed of the polycarbonate. And it is the side 
face of this casing 2, the input 5 of dialysing fluid is formed in the edge by the side of the 
blowdown side blood port 4, and the exhaust port 6 of dialysing fluid is formed in the edge by 
the side of the impregnation side blood port 3. 

[0015] The impregnation side blood port 3 and the blowdown side blood port 4 are screwed so 
that opening may be plugged up at the both ends of casing 2, and they are formed by the 
polycarbonate as well as casing 2. And the inlet 7 for pouring in blood has protruded in the 
impregnation side blood port 3, and the exhaust port 8 for discharging blood is protruded on the 
blowdown side blood port 4. Moreover, O rings 9 and 9 for maintaining watertightness, 
respectively are arranged in the contact section of the impregnation side blood port 3 and casing 
2, and the contact section of the blowdown side blood port 4 and casing 2. 
[0016] The building envelope of casing 2 is loaded with the hollow filament bundle 10. That is, 
as shown in drawing 2 (a), it has loaded with what bundled 5000 - about 10000 hollow fiber 11 - 
(equivalent to the blood purification film in this operation gestalt). In addition, in drawing 2 (a), 
in order to make a configuration intelligible, each hollow fiber 1 1 — is drawn more thickly than a 
actual thing. 

[0017] Opening of the ends in casing 2 is filled up with the sealing materials 12 and 12, such as 
urethane system resin. And the edge of the hollow filament bundle 10 is each hollow fiber 11, as 
it is shown in drawing 2 (b), while it is crowded with much hollow fiber 11— which carried out 
opening. — Where watertightness is secured, the sealing material 12 has taken up the clearance 
between comrades. These sealing materials 12 and 12 have not plugged up the input 5 and the 
exhaust port 6 of dialysing fluid. For this reason, input 5 and an exhaust port 6 are open for free 
passage with the space by the side of the outside surface of the hollow fiber 1 1 in casing 2, 
respectively. Therefore, in the casing 2 which loaded with the hollow filament bundle 10, it will 
be in the condition that the outside- surface side of the hollow fiber 11 which is the passage of 
dialysing fluid was separated by the hollow fiber 11 the internal-surface 11a side of the hollow 
fiber 1 1 which is the passage of blood. 

[0018] Next, a hollow fiber 11 is explained, the hydrophobic poly membrane to which the 
hollow fiber 1 1 in this operation gestalt, i.e., the blood purification film, used polyarylate resin 
and polysulfone resin as main film raw material — the shape of a hollow filament — spinning — 
carrying out — in addition — and the hydrophobic poly membrane is made to carry out adhesion 
maintenance of the polyvinyl pyrrolidone which is a kind of a hydrophilic giant molecule 



[0019] And this polyvinyl pyrrolidone has adjusted the amount of maintenance per unit area of a 
hydrophobic poly membrane to the specified quantity. Specifically, the amount of maintenance 
of the polyvinyl pyrrolidone per 1 square meter of hydrophobic poly membranes is made into 
within the limits of 3mg or more 50mg or less. 

[0020] When the amount of maintenance of a polyvinyl pyrrolidone is made into 70mg or more, 
the reason When a break through of the polyvinyl pyrrolidone from blood purifier 1 is checked 
and the amount of maintenance of a polyvinyl pyrrolidone is made into lmg or less The 
solidified constituent of blood adheres to internal-surface 11a of a hollow fiber 11, and it is 
checked that it becomes impossible to demonstrate the penetrability of a hollow fiber 11 
comparatively by this adhering constituent of blood for a short time. It is because it was checked 
that a break through of a polyvinyl pyrrolidone and adhesion of a constituent of blood are lost 
when the amount of maintenance of a polyvinyl pyrrolidone was made into within the limits of 
3mg or more 50mg or less. 

[0021] Moreover, the above-mentioned polyester system resin is [0022]. Formula [** 1] 
/ y Ft 1 / v 0 A 0 
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[0023] It is polyarylate resin which comes out and has the repeat unit expressed, and polysulfone 
system resin is [0024]. Formula [** 2] 
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[0025] The repeat unit come out of and expressed, and [0026] Formula [** 3] 
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[0027] It comes out and is polysulfone resin of the repeat unit expressed which has at least any 
they are. 

[0028] Next, the creation procedure of the blood purification film is explained. In addition, with 
this operation gestalt, since the blood purification film is created in the process in which blood 
purifier 1 is manufactured, the production process of blood purifier 1 will be explained. Here, 
drawing 3 is a flow chart which shows the outline of the production process of blood purifier 1. 
[0029] First, spinning of the hydrophobic macromolecule is carried out to the shape of a hollow 



fiber (a spinning process, step SI). At this spinning process, a film production undiluted solution 
is prepared first. While defining the mixed weight ratio (A/B) of polyester system resin (A) and 
polysulfone system resin (B) in 0.1-10, specifically, it dissolves in an organic solvent so that the 
total quantity (A+B) of both resin may serve as 10 % of the weight - 25% of the weight of a rate. 
In addition, although there will be especially no limit if an organic solvent is a good solvent to 
polyester system resin and polysulfone system resin, N-methyl pyrrolidone can use it most 
suitably. 

[0030] Spinning of this film production undiluted solution is carried out to the shape of discharge 
and a hollow filament into coagulation liquid with core liquid using a double pipe spinneret. In 
addition, by the following explanation, a polyvinyl pyrrolidone (a kind of a hydrophilic 
macromolecule) makes for convenience the hollow fiber in the condition that adhesion 
maintenance is not carried out hydrophobic hollow fiber 11'. Here, although core liquid and 
coagulation liquid are for fabricating a film production undiluted solution in the shape of a 
hollow filament, the mixed solvent of a water independent twist which mixed in water the 
organic solvent used for the resin dissolution is also more desirable. This is for being easy to 
form fibril structure with more uniform using a mixed solvent. In addition, although there will be 
especially no limit if it is a good solvent to resin as an organic solvent to mix, N-methyl 
pyrrolidone can use it most suitably. 

[0031] Thus, a porous layer is formed so that hydrophobic hollow fiber 11' which carried out 
spinning may cover the outside of this compact layer while a compact layer is formed in that 
internal- surface 11a. A compact layer is the part which specifies a transmission rate in the 
permselectivity list of the matter in this film, and the hole radius 30-100 A hole is formed in the 
hole and concrete target which have a less than 500A average aperture. Moreover, the porous 
layer is functioning as supporters who support a compact layer and maintain membranous 
reinforcement, and the hole quite coarser than a compact layer is formed. In addition, the 
thickness of this hydrophobic hollow fiber 11 ' is about 5-70 micrometers. And by this film, the 
with a molecular weight of 100000 or more matter cannot penetrate the whole quantity (100%) 
mostly. 

[0032] Next, it processes in the bundle of hydrophobic hollow fiber 1 1 ' which carried out 
spinning in this way (they are down stream processing and step S2 in a bundle). Bundle-ization 
which makes one bundle 5000 - about 10000 hydrophobic hollow fiber 11 'by down stream 
processing in this bundle is made. The bundle (hollow filament bundle 10) of this hydrophobic 
hollow fiber 11 'is adjusted to the outer diameter according to the bore of the cylinder- like casing 
2. 

[0033] Next, it loads with the hollow filament bundle 10 into casing 2 (a loading process, step 
S3). At this loading process, it loads with the hollow filament bundle 10 into the casing 2 in the 
condition that the impregnation side blood port 3 and the blowdown side blood port 4 separated. 
At this time, the periphery of the hollow filament bundle 10 is beforehand covered with the 
sheet, it loads into casing 2 this whole sheet, and a sheet is sampled after loading. 
[0034] Next, potting is performed (a potting process, step S4). At this potting process, while 
closing opening of casing 2 with a sealing material 12 (sealing), the part overflowing into the 
exterior of the casing 2 in the hollow filament bundle 10 is cut so that it may become same flat- 
surface as opening of casing 2 2'. By this cutting, the cross section explained by drawin g 2 (a) is 
obtained. 

[0035] Next, hydrophilization processing is performed (hydrophilization down stream 
processing, step S5). In this hydrophilization down stream processing, after equipping the both 



ends of casing 2 with the impregnation side blood port 3 and the blowdown side blood port 4 
(screwing), the water solution (a kind of the solution of a hydrophilic giant molecule) of a 
polyvinyl pyrrolidone prepared from the inlet 7 of the impregnation side blood port 3 to 
predetermined concentration is poured in by the predetermined flow rate, and the water solution 
of the polyvinyl pyrrolidone which passed blood purifier 1 is discharged from the exhaust port 8 
of the blowdown side blood port 4. And this processing is performed from dozens of seconds for 
dozens minutes, and adhesion maintenance of the polyvinyl pyrrolidone is carried out. 
[0036] That is, in this hydrophilization down stream processing, adhesion maintenance of the 
polyvinyl pyrrolidone is carried out by contacting the water solution of a polyvinyl pyrrolidone 
to blood purifier 1 . In addition, in producing the solution of the hydrophilic macromolecule used 
by this hydrophilization down stream processing, with this operation gestalt, purified water was 
used as a solvent, but liquids other than purified water may be used as a solvent. And by passing 
through this hydrophilization down stream processing, adhesion maintenance of the polyvinyl 
pyrrolidone is carried out, and the blood purification film (namely, hollow fiber 11) in this 
operation gestalt is obtained by hydrophobic hollow fiber 11'. 

[0037] In addition, the amount of the hydrophilic macromolecule which carries out adhesion 
maintenance is controllable by this hydrophilization down stream processing by changing the 
concentration of a hydrophilic polymer solution suitably. That is, by using a hydrophilic high- 
concentration polymer solution, many adhesion maintenance of the hydrophilic macromolecule 
can be carried out, and adhesion maintenance of a small quantity of the hydrophilic 
macromolecule can be carried out by using a low-concentration hydrophilic polymer solution. 
[0038] For example, if hydrophilization processing is performed using 1% of the weight of the 
water solution of a polyvinyl pyrrolidone, in the hydrophobic poly membrane manufactured from 
polyarylate resin and polysulfone resin, the blood purification film with which adhesion 
maintenance of the 70mg [ per 1 square meter of hydrophobic poly membranes ] polyvinyl 
pyrrolidone was carried out can be produced, and the blood purification film with which 
adhesion maintenance of the 3mg [ per 1 square meter of hydrophobic poly membranes ] 
polyvinyl pyrrolidone was carried out can be produced by performing hydrophilization 
processing using 0.03% of the weight of the water solution of a polyvinyl pyrrolidone. 
Moreover, the amount of the polyvinyl pyrrolidone by which adhesion maintenance was carried 
out is computable by measuring the amount (namely, polyvinyl-pyrrolidone concentration of a 
penetrant remover) of the polyvinyl pyrrolidone removed at the polyvinyl-pyrrolidone water- 
solution concentration before processing, the polyvinyl-pyrrolidone water- solution concentration 
after processing, and the washing process mentioned later. 

[0039] Moreover, in this hydrophilization down stream processing, the degree of the 
hydrophilization of the membranous thickness direction is changeable by changing the molecular 
weight of a hydrophilic macromolecule. That is, by using the hydrophilic macromolecule of low 
molecular weight, it can continue in the membranous whole thickness direction from the 
internal- surface 11a side of a hollow fiber 11, adhesion maintenance of the hydrophilic 
macromolecule can be carried out, and only internal-surface 1 la of a hollow fiber 11 carries out 
adhesion maintenance of the hydrophilic macromolecule by using the hydrophilic 
macromolecule of high molecular weight. For example, when hydrophilization processing is 
performed using the water solution of Polyvinylpyrrolidone K30 (average molecular weight 
40000 [ about ]), it can continue in the whole thickness direction of a hollow fiber 11, adhesion 
maintenance of the polyvinyl pyrrolidone can be carried out, and only internal- surface 1 la of a 
hollow fiber 1 1 carries out adhesion maintenance of the polyvinyl pyrrolidone at a 



hydrophilization place Michiyuki **** case using the water solution of Polyvinylpyrrolidone 
K90 (average molecular weight 1200000 [ about ]). 

[0040] Next, it rinses (a washing process, step S6). At this washing process, a hydrophilic 
surplus macromolecule is removed by the penetrant remover about the blood purifier 1 which 
carried out adhesion maintenance of the polyvinyl pyrrolidone (hydrophilic macromolecule). 
Specifically, a penetrant remover, for example, purified water, is passed in blood purifier 1. 
Washing clearance of the hydrophilic surplus macromolecule which is sticking to blood purifier 
1 according to this washing process by the adsorption power lower than predetermined 
adsorption power among the hydrophilic macromolecules which are carrying out adhesion 
maintenance is carried out. In addition, the hydrophilic macromolecule by which adhesion 
maintenance is carried out after this washing process at blood purifier 1 does not secede from the 
inside of blood purifier 1 with the flowing blood, either. Moreover, the penetrant remover used at 
this washing process should just be the liquid from which it is not limited to purified water and a 
hydrophilic surplus macromolecule can be removed. 

[0041] And sterilization processing is performed to the blood purifier 1 in the condition of 
having filled up with purified water the blood purifier 1 which washing ended (step S7), and 
having filled up with this purified water (step S8). Gamma ray sterility, wet sterilization, etc. are 
given in this sterilization down stream processing. 

[0042] By the way, although the production process explained above showed the example which 
also manufactured the blood purification film (hollow fiber 1 1) in the process in which blood 
purifier 1 is manufactured, the solution of a hydrophilic macromolecule is directly contacted to 
the hydrophobic poly membrane which carried out spinning, and you may make it make a 
hydrophobic poly membrane carry out adhesion maintenance of the hydrophilic macromolecule. 
[0043] Moreover, the amount of maintenance of a polyvinyl pyrrolidone can also be low 
adjusted by adding a puncturing agent removable from a hollow fiber 1 1 to a film production 
undiluted solution with a polyvinyl pyrrolidone (a kind of a hydrophilic giant molecule), and 
removing a puncturing agent after spinning. Although it continues throughout the membranous 
thickness direction and the hydrophilic property is given by the blood purification film 
manufactured by this approach, since the amount of maintenance of a polyvinyl pyrrolidone is 
adjusted low, it can prevent that a polyvinyl pyrrolidone leaks out. However, if it is made to 
contact the solution of a hydrophilic macromolecule to the hydrophobic poly membrane which 
produced the film beforehand like this operation gestalt, while processing is easy, it has the 
advantage that control of the coating weight of a hydrophilic macromolecule is easy. 
Furthermore, only the front face by the side of the blood contact in the blood purification film 
can also be made to carry out adhesion maintenance of the hydrophilic giant molecule selectively 
by using the hydrophilic giant molecule (for example, Polyvinylpyrrolidone K90) of the high 
molecular weight which cannot penetrate the blood purification film. 

[0044] Moreover, the sheet-like film is sufficient although the hollow fiber 1 1 was illustrated 
with the above-mentioned operation gestalt. 

[0045] Moreover, although the polyvinyl pyrrolidone which is a typical hydrophilic giant 
molecule among usable hydrophilic giant molecules was illustrated in the blood purification film 
with the above-mentioned operation gestalt, if it is the hydrophilic giant molecule which has the 
same property as this polyvinyl pyrrolidone, it will not be limited to this. However, when a 
polyvinyl pyrrolidone is used like this operation gestalt, the blood purification film which can 
demonstrate high haemocompatibility in **** small quantity can be produced. 
[0046] Moreover, although the hydrophobic poly membrane which used polyarylate resin and 



polysulfone resin as main film raw material was illustrated with this operation gestalt about the 
hydrophobic poly membrane, the film by other hydrophobic ingredients is sufficient. However, 
when the hydrophobic poly membrane which used polyarylate resin and polysulfone resin as 
main film raw material like this operation gestalt is used and the solution of a hydrophilic 
macromolecule is contacted, adhesion maintenance of the hydrophilic macromolecule is carried 
out more suitably (certainly) than the film by other hydrophobic ingredients. 



EXAMPLE 



[Example] Next, the example of this invention is shown and this invention is explained still more 
concretely. In addition, the following explanation explains the case where Polyvinylpyrrolidone 
K90 (average molecular weight 1200000 [ about ]) used suitable for the blood purification film 
as a hydrophilic giant molecule is used. 

[0048] First, the film production undiluted solution was prepared from the polyarylate resin 
[Unitika Make and a trade name;U polymer] shown by said formula (1), the polyether sulphone 
resin [the Sumitomo Chemical Co., Ltd. make and trade name; SUMIKA Excel PES] shown by 
said formula (3), and N-methyl pyrrolidone. in addition, the weight of polyarylate resin and 
polyether sulphone resin -- the mixing ratio was set to 1:1. Moreover, N-methyl pyrrolidone 
water solution was used as core liquid at the coagulation liquid list. And a film production 
undiluted solution and core liquid were breathed out into coagulation liquid using the double 
pipe spinneret, hydrophobic hollow fiber 11' was produced, about 10,000 of this hydrophobic 
hollow fiber 11' were bundled, and the hollow filament bundle 10 was acquired. Furthermore, 
after loading with this hollow filament bundle 10 into the casing 2 made from a cylinder- like 
polycarbonate, polyurethane resin was used as a sealing material 12, the edge was pasted up, the 
blood ports 3 and 4 were connected to the both ends of casing 2, and the blood purifier 1 of 1.5 
square meters of film surface products was made as an experiment. 

[0049] (Example 1) 0.1% of the weight of the water solution of a polyvinyl pyrrolidone (the 
BASF make, a trade name; Kollidon K-90) was poured for about 1 minute by the flow rate of 
200 mL/min under ordinary temperature to blood purifier 1, hydrophilization processing was 
performed, and the blood purification film (hollow fiber 11) with which adhesion maintenance of 
the lOmg [ per 1 square meter of hydrophobic poly membranes ] polyvinyl pyrrolidone was 
carried out was produced. In addition, the amount of adhesion maintenance of a polyvinyl 
pyrrolidone was computed based on the concentration of the polyvinyl-pyrrolidone water 
solution before hydrophilization processing, and the concentration of the polyvinyl-pyrrolidone 
water solution at the time of hydrophilization processing termination and the polyvinyl- 
pyrrolidone concentration of a penetrant remover. Moreover, density measurement of a 
polyvinyl-pyrrolidone water solution was performed using the approach (KMuller, Pham.Acta, 
Helv.43 (1968) 107-122) of Muller. 

[0050] And the trial which investigates the leak (elution volume) of the polyvinyl pyrrolidone in 
this blood purification film was performed. After being filled up with purified water after 
washing blood purifier 1 by purified water 1L in blood purifier 1 and specifically warming it at 
70 degrees C for 3 hours, filled liquid (liquid by the side of the blood contact section) was 
sampled, and the concentration of a polyvinyl pyrrolidone was measured. In addition, that which 
does not adhere to the polyvinyl pyrrolidone was used for the blood ports 3 and 4 in this trial in 
order to measure the exsorption from the blood purification film. Moreover, the trial which 



investigates aging of the amount of ultrafiltrations in this blood purification film (UFR, mL/hr- 
mmHg) was performed. After washing blood purifier 1 by purified water 1L, while circulating 
bovine blood liquid (hematocrit 30% and total protein 6.5 g/dL) by the flow rate of 200 mL/min, 
the filtration flow rate was adjusted to 90 mL/min, and, specifically, aging of the amount of 
ultrafiltrations was measured. Furthermore, the adhesion condition of the platelet in the front 
face (namely, internal-surface 1 la of a hollow fiber 1 1) of the blood purification film was 
observed. While cutting down the blood purification film after specifically performing the trial 
which investigates aging of the amount of ultrafiltrations from blood purifier 1, it was cleared to 
the plane, and the front face by the side of that blood contact surface was observed with the 
electron microscope (SEM) by making what dried this cleared blood purification film into a 
measurement sample. The test result and the observation result were shown in the table 1 list at 
drawing 4 (aging of the amount of ultrafiltrations). 

[0051] (Example 2) hydrophilization processing (conditions other than concentration — an 
example 1 — the same — the following — the same) was performed using 0.5% of the weight of 
the water solution of a polyvinyl pyrrolidone, and the blood purification film with which 
adhesion maintenance of the 50mg [ per 1 square meter of hydrophobic poly membranes ] 
polyvinyl pyrrolidone was carried out was produced. 

[0052] And the trial which investigates aging of the amount of ultrafiltrations was performed in 
the trial list which investigates the leak of a polyvinyl pyrrolidone also to this blood purification 
film (the contents of a trial are the same as an example 1). The test result in each trial was shown 
in the table 1 list at drawing 4 . 

[0053] (Example 3) Hydrophilization processing was performed using 0.03% of the weight of 
the water solution of a polyvinyl pyrrolidone, and the blood purification film with which 
adhesion maintenance of the 3mg [ per 1 square meter of hydrophobic poly membranes ] 
polyvinyl pyrrolidone was carried out was produced. 

[0054] And the trial which investigates aging of the amount of ultrafiltrations was performed in 
the trial list which investigates the leak of a polyvinyl pyrrolidone also to this blood purification 
film (the contents of a trial are the same as an example 1). The test result in each trial was shown 
in the table 1 list at | a » 

[0055] (Example 1 of a comparison) Hydrophilization processing was performed using 1% of the 
weight of the water solution of a polyvinyl pyrrolidone, and the blood purification film with 
which adhesion maintenance of the 70mg [ per 1 square meter of hydrophobic poly membranes ] 
polyvinyl pyrrolidone was carried out was produced. 

[0056] And the trial which investigates aging of the amount of ultrafiltrations was performed in 
the trial list which investigates the leak of a polyvinyl pyrrolidone also to this blood purification 
film (the contents of a trial are the same as an example 1). The test result in each trial was shown 
in the table 1 list at drawing 4 . 

[0057] (Example 2 of a comparison) Hydrophilization processing was performed using 0.01% of 
the weight of the water solution of a polyvinyl pyrrolidone, and the blood purification film with 
which adhesion maintenance of the lmg [ per 1 square meter of hydrophobic poly membranes ] 
polyvinyl pyrrolidone was carried out was produced. 

[0058] And the adhesion condition of a platelet was observed also to this blood purification film 
in the trial which investigates the leak of a polyvinyl pyrrolidone, and the trial list which 
investigates aging of the amount of ultrafiltrations (the contents of a trial are the same as an 
example 1). The test result in each trial was shown in the table 1 list at drawing 4 . 
[0059] 



[Table 1] 




PVP©iiajg(mg/l) 






PVP70mg/m 


5 






PVP50mg/m 


N. D. 






PVP10mg/m 


N. D. 






PVP3mg/m 


N. D. 






PVP1me/nrf 


N. D. 







[0060] First, exsorption of the hydrophilic macromolecule in the blood purification film is 
considered. As shown in Table 1, by the blood purification film (example 1 of a comparison) 
which made the amount of adhesion maintenance of a polyvinyl pyrrolidone 70mg per 1 square 
meter of hydrophobic poly membranes (coating weight it is the same as that of the following 
which it says is 70mg), exsoiption of a 5mg [ per 1. ] polyvinyl pyrrolidone was accepted. On the 
other hand, exsorption of a polyvinyl pyrrolidone was not accepted by the blood purification film 
(example 2) with a coating weight of 50mg (that is, it was below limit of detection). Similarly, 
exsorption of a polyvinyl pyrrolidone was not accepted by the blood purification film (examples 

1 and 3) with a coating weight of 10 or 3mg, either. 

[0061] Next, the stability and haemocompatibility of the amount of transparency of the blood 
purification film are examined. As shown in drawing 4 , by the blood purification film (example 

2 of a comparison) which made coating weight lmg, the amount of ultrafiltrations which were 
about 90 mL/hr-mmHg became low rapidly in connection with the passage of time immediately 
after test initiation, and they were about 60 mL/hr-mmHg after 50-hour progress. Furthermore, 
after 100-hour progress, it becomes about 22 mL/hr-mmHg and the amount of ultrafiltrations 
becomes low gradually after it. And after 240-hour progress, it became about 17 mL/hr-mmHg. 
Moreover, also in the observation result of the adhesion condition of a platelet, adhesion of a lot 
of platelets is accepted in the front face by the side of the blood contact in the blood purification 
film (refer to Table 1). Therefore, by the blood purification film which has too little coating 
weight of a hydrophilic macromolecule, immediately after leading blood, a constituent of blood 
coagulates from from, it adheres to the front face by the side of blood contact, and degradation of 
the film arises. And this degradation advances quickly and it turns out that use will be in a 
difficult condition comparatively for a short period of time. 

[0062] On the other hand by the blood purification film (example 3) which made coating weight 
3mg, the amount of ultrafiltrations which were about 105 mL/hr-mmHg became low gradually in 
connection with the passage of time immediately after test initiation, and they were about 93 
mL/hr-mmHg after 50-hour progress. After it, although the amount of ultrafiltrations became low 
gently, the amount of ultrafiltrations of about 85 mL/hr-mmHg was maintained also after 240- 
hour progress. In addition, by the blood purification film (examples 1 and 2) with a coating 
weight of 10 or 50mg, the amount of ultrafiltrations before and behind about 100 mL/hr-mmHg 
was maintained for the period from immediately after test initiation to termination. And by the 
blood purification film (example 1) with a coating weight of lOmg, only adhesion of few 
platelets was accepted in the front face by the side of the blood contact in the blood purification 
film. That is, good haemocompatibility was demonstrated. 

[0063] As mentioned above, the amount of transparency by which adhesion of a constituent of 
blood was stabilized very few is obtained, and by making coating weight into 3mg or more 
shows that it continues and good haemocompatibility can be demonstrated at a long period of 



time. Furthermore, by making coating weight into lOmg or more shows that haemocompatibility 
can be raised further (it is made good). 

[0064] And putting exsorption of the above-mentioned hydrophilic macromolecule and 
haemocompatibility together, the coating weight of lOmg shows that exsorption inhibition and 
haemocompatibility of a hydrophilic macromolecule may be reconciled on still higher level, if it 
is the 50mg blood purification film. 

[0065] In addition, if it carries out from a viewpoint of exsorption of a hydrophilic 
macromolecule, since there is so little possibility of exsorption that there is little amount of the 
hydrophilic macromolecule used, it is desirable, therefore, compatible [ on high level ] in 
exsorption inhibition and haemocompatibility of a hydrophilic giant molecule, if it is the blood 
purification film with a coating weight of lOmg -- it can make -- in addition - and it turns out 
that exsorption inhibition can much more be ensured. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view which made blood purifier the cross section. 
lQnwh\Z.21 It is drawing having shown the cutting plane of the hollow filament bundle in the 
edge of casing, and they are drawing in which (a) showed the whole cutting plane, and drawing 
in which (b) expanded and showed the part. 

[Drawing 31 It is the flow chart which shows the outline of the production process of blood 
purifier. 

[Drawing 41 It is drawing having shown aging of the amount of ultrafiltrations by the blood 
purification film with which the coating weight of a polyvinyl pyrrolidone differs. 
[Description of Notations] 

1 Blood Purifier 

2 Casing 

3 Impregnation Side Blood Port 

4 Discharge Side Blood Port 

5 Input of Dialysing Fluid 

6 Exhaust Port of Dialysing Fluid 

7 Inlet in Impregnation Side Blood Port 

8 Exhaust Port in Discharge Side Blood Port 

9 O Ring 

10 Hollow Filament Bundle 

1 1 Hollow Fiber (Blood Purification Film) 
1 1 ' Hydrophobic hollow fiber 

11a The internal surface of a hollow fiber 

12 Sealing Material 



DRAWINGS 



[Drawing 1] 




[Drawing 2 \ 
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